Introduction
The urinary stone disease (USD) is one of the most common disorders of the urinary tract. 1 The risk for urinary stone formation varies in different parts of the world, being higher in the western (9%, 12%, and 15% in Europe, Canada and USA, respectively) than in the eastern hemisphere (1% -5%). 2 The incidence of USD is associated with epidemiologic and demographic factors such as age, gender, racial distribution, ples), bladder (8 samples) and ureter (4 samples) stones were collected by surgical extraction or by spontaneous expulsion. Stone opacity was characterized using x-ray; all the analyzed stones were radiopaque. Color and texture of each stone were evaluated (Online resource Table S1 ).
To determine the stones chemical composition, samples with a minimum weight of 0.2 g were sent to a certified laboratory for ICP-MS (Inductively Coupled Plasma Mass Spectrometry) examination. Since only 13 samples had the minimum weight required, only two groups were considered according to its calcium content: <5% [0.02% -1.99%] (low calcium stones) and ≥ 15% [17.2% -22 .6%] (high calcium stones).
STATISTICAL ANALYSIS
T-test was used to compare the age and the weight between the studied groups, while for the remaining continuous variables the Mann-Whitney U-test was used.
Pearson chi-square test was used to compare the reference and study groups regarding gender (male versus female), the prevalence of diabetes (yes versus no) and of hypertension (yes versus no), eating habits, such as the use of salt in meal preparation (yes versus no) and chocolate daily consumption (yes versus no) and, the presence of recurring cases of urinary stones in the family (yes versus no).
The elemental characterization of the urinary stones was compared by Mann-Whitney U-test. For the significant chemical elements, Spearman correlation was used to test the association between calcium percentage and the element concentration in the urinary stones. All statistical analysis was performed using IBM SPSS Statistics 20.0 for Windows, with statistical significance set at p ≤ 0.05. Table 1 presents the general description of the studied groups. Reference and study groups are similar in age, gender, weight and height. Both groups have a similar consumption of tap water, salt and chocolate, but differ significantly in the consumption of bottled water, meat and fish: individuals in the study group drink more bottled water (4.41 ± 0.48 vs 2.77 ± 0.35 cups of water/ day); on the other hand, the reference group presents a higher consumption of meat (3.38 ± 0.29 vs 2.59 ± 0.21 nº meals/week) and fish (4.13 ± 0.31 vs 2.89 ± 0.28 nº meals/week). The prevalence of diabetes in the study group is significantly higher (20%) than in the reference one (4%). Also, the study group has a significantly higher prevalence of urinary stone cases in the family (57% vs 25%) and, a significantly higher rate of USD recurrence in the family (70% vs 42%). Table 2 shows the general chemical composition of the urinary previous medical condition, socioeconomic class, family history and dietary habits. [3] [4] In the European Union, the prevalence and incidence of the USD are increasing for the last two decades 5 : in Spain, the annual prevalence increased from 4.16% in 1986 to 5.06% in 2007 6, 7 ; and, in Germany increased from 4% to 4.7%, between 1979 and 2000. 8 In Portugal the information regarding the USD is scarce although according to Reis-Santos, 9 about 7% of the Portuguese population had at least one situation of renal colic. Regarding the Azores, a volcanic archipelago, the prevalence of USD is currently unknown, but is probably higher than the overall estimated prevalence in the Portuguese population. 10 This is hypothesized since in the Azores: i) the dietary habits include high protein and salt intakes and, more recently, a high consumption of carbonated beverage rich in fructose, ii) about 70% of the Azorean inhabitants have a sedentary lifestyle and are overweighed [according to the Inquérito Nacional de Saúde com Exame Físico (2015)] and, iii) the comorbidities, such as diabetes and hypertension, have a prevalence of 10% and 34%, respectively in the archipelago.
Results

URINARY STONES CHEMICAL COMPOSITION
Considering that i) the risk of stone formation in an individual is estimated at 5% -10%
11 with a recurrence rate as high as 50% at 5 years and, 80% -90% in 10 years 12 and, ii) there are no reports for the disease pathogenesis or prevalence in the Azores, this study was developed in order to characterize the chemical profile of the urinary stones and to define the most important factors associated with its formation in the inhabitants of the São Miguel Island.
Material and Methods
STUDY POPULATION
This study was carried on São Miguel Island, the largest one of the Azores (Portugal) archipelago.
The study group comprised 46 patients hospitalized or followed in routine consultations at the Urology Department of the Hospital do Divino Espírito Santo (Ponta Delgada); both genders were considered and the age of the participants ranged between 24 and 84 years.
The reference group, with 48 participants with no USD medical history, was formed by matching age and gender with the study group. Each participant answered a questionnaire regarding information about demographic characteristics, dietary habits and associated health issues (summarized in Table 1 ).
The Ethics Board of Divino Espírito Santo Hospital (Ponta Delgada, Azores, Portugal) approved the study (S-HDES/2014/49). All individuals signed a written informed consent, in compliance with the Helsinki Declaration and Oviedo Convention, to participate in this study.
SAMPLE COLLECTION AND ANALYSIS
Forty-six stones of different types, including renal (34 sam-stones. About 62% of the stones were composed predominantly of calcium compounds (high calcium content) and the remaining 38% presented low calcium content (< 5% of calcium).
The studied stone groups have a similar chemical content for most of the analyzed elements, only differing in the following nine elements: Na, Mg, Ca, Fe, Ni, Co, Zn, Mo, Sr and Pb (Table 2). The calcium content in the urinary stones was strongly and positively correlated with the content of Na (rs = 0.721, p = 0.005), Mg (r s = 0.839, p < 0.001), Zn (r s = 0.933, p < 0.001), Mo (r s = 0.828, p < 0.001) and Sr (r s = 0.829, p < 0.001) ( Table 3 ).
Discussion
Results demonstrate that patients with urinary stones consumed more bottled water than healthy subjects, but no significant differences were observed in the consumption of tap water. This may be because patients with urinary stones are routinely advised to increase their fluid intake in order to decrease the risk of stone recurrence, and therefore bottled water appears to be a better way to ensure the uptake of the recommended water during the day. Also, when drinking bottled water, patients have a more accurate perception of the total amount of water consumed. In any case, the consumption of bottled water should be monitored with particular attention, regarding the brand of the water consumed since there are several brands of water with different concentrations of sodium (see supplementary material, Table S2 ). It is appropriate to recommend not only the increase in consumption of water but also, the study of the labeling of the available brands to choose the one with the lowest sodium content since the consumption of high concentrations of sodium allows the increase of the excretion of calcium and potassium along with citrate, resulting in a change in urinary pH that will eventually increase the risk of stone formation. 13 Another dietary habit recognized to increase the chances of developing urinary stones is the consumption of animal protein that may cause the body to release more calcium, uric acid and citrate in the urine, particularly in diets with high protein content (> 2.0 g/kg/d).
14 Although such trend was not observed in this study (the daily intake of protein -meat and fish in the study group is 0.48 g/kg/d while in the reference is 0.69 g/kg/d), it must be taken in consideration that dietary intake was only assessed on one moment, which may not accurately reflect the participants' long-term food and nutrient intake. Also, the used questionnaire did not consider the dietary intake of fresh fruit and fibres, food resources that may reduce the risk of urinary stone formation. 15, 16 Regarding the chocolate consumption, though no significant differences were observed, the study group had a slightly higher consumption rate. According to Robertson, 17 chocolate consumption can increase the risk of formation of urinary stones, since it can rapidly increase the urinary oxalate resulting in the formation of abnormal crystals and agglomerates of calcium oxalate that is the most important risk factor for calcium oxalate stone formation. Type 2 diabetes mellitus (DM) is considered a risk factor for uric-acid urinary stone formation mainly because diabetic patients have highly acidic urine. 18 Polat et al, 19 in a retrospective study from 2008 to 2015, showed that diabetes was significantly related to the risk of developing calcium stones. Therefore, our results were according to the expected regarding the association between patients with urinary stones and diabetes.
In our study, a patient with urinary stones is twice as likely as a healthy subject to have at least one first degree relative with urinary stones (57% vs 25%). Similar results were recently described by Sofia et al 20 in a study where family history is significantly associated with urinary stone formation and recurrence.
Considering the chemical composition of the analyzed calculi, as expected calcium is the main constituent in most of the stones, since it is considered in most countries over the world as the more common and most abundant component of urinary stones. 21 Calcium oxalate stones are described as the main type of urinary calculi in western countries and account for at least 70% of all kidney stones; in our study the rate of stones with high content in calcium was 62%. Considering the chemical analysis, the global amount of metals (Na, Mg, Fe, Ni, Co, Zn, Mo, Sr and Pb) was significantly greater in the high content calcium stones than in the low calcium stones. Similarly, to the observed in other studies, 22 the highest metal contents in calcium stones were for Zn, followed by Sr. The observed differences in the metal contents between both stone groups may be related with the similarity between the ion charge and size of Zn and Sr and calcium, which allows these elements to substitute calcium in the crystal lattice. 23 Therefore, Zn and Sr are more likely to incorporate into calcium-containing stones, which is revealed by the strong and positive correlation between calcium and these two elements, observed in this study. A strong and positive correlation was also found between the calcium content and Na and Mo. Again, such association was also observed in previous studies. 24, 25 Although magnesium is recognized to inhibit crystal formation, thus reducing the risk for forming urinary stones, a positive correlation was found between Ca and Mg contents. Although urine and blood biochemistry were not considered in this study, since the participants with spontaneous expulsion didn't undergo these additional analysis, both 
Conclusion
This study revealed that family history, associated diseases, such as diabetes, and some eating habits play a major role in the development of urinary stones in the Azorean population. Therefore, a dietary intervention on a large scale and health education in this regard may be helpful in preventing the development of urinary stone formation in the Azores. Also, it seems clear that the evaluation of the elemental content in different types of stones should always be considered Protection of Human and Animal Subjects: The authors declare that the procedures followed were in accordance with the regulations of the relevant clinical research ethics committee and with those of the Code of Ethics of the World Medical Association (Declaration of Helsinki).
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